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OiTY  Enoineer's  Office, 

WiNNim,,  Man,  4th  July,  isgi 

Wa.ln„gt„„,    l..,n„<l..„L    N  w'  York    Zr'  *"'r«°' 
Montreal,  Ottawa  and  Torol.to  '  ''    ^^ 

-uw  pro.„,„  w  „^.o.:; -ti,  rw';:- :o;""° ""'-" 

otatenieiit8  ol"  the  cost  nf  ^^    *      .• 
n^aintermnceofhot     hI    "    construction,  operation   and 

do  not  pretend  to  absolute  accuracy  foz-  any  m,  t     T   T "' 
or  set  of  conditions      It  will  J..      T  ^  ?'"  ^'^ular  place 
intended  to  show  a  ~^^'^''  that  they  are 
The  questions  of  the  ^7^^,^^^^  ^"^^• 
one  Which  it  is  n.ost  difficult  to  show  ^ l^^^^'  '' 
or  comparative  statements.     The  vduos  !?/     ''l^^''''' 
pend  as  much  upon  the  enternr  le  -m        "'/''""^^^^^^  ^^^- 
of  the  street  railway  comp^Z  T t     ^  C^rirT"" 
ditions,  population,  grades,  clima^, ,  .to         ^  "'  '""■ 

Some  instances  might  be  ffiv^  .  of  v.\u         •      . 
large  and  dense  population  wllwi""'^^  '"  ^^*'-  «*" 

of  the  business   of  railway;  smi'lr         7^  T  '^"'^*^^ 
places.  ^     sunilarly  situated   in   other 

My  thanks  are  duo  to  flm  «« 

several   cities    elec   I    roiK  T  ''"'^ '"^'"'^^«  ^^  «^« 

^^,.       „       "'  fJ^^tnc   railway   and   ma,nnfn..f,j.H^    - 

panics,  from  whom   i   ^-.r.     •         ,    ,     '*'"&   com- 

whom  I  experienced  the  greatest  kindness, 


and  Hocm-od  mont  viiliiahle  nssistatuto  aii.l  iiilbriimtion, 
including  d.H-uniontH  and  records  whicii  liuvo  been  of.rieut 
service  to  me. 

Your  obedient  Horvunt, 

J  I.  N.  RUTTAN, 

City  Engineer. 


OVEHIIKAD    SySTKM    ANK    TuaCKS. 

In  Minneapolis  the  general  i.ra.tice  is  to  place  poles  in 
the  centre  of  tlie  street  Ijetween  tra.-ks,  which  are  from  ^ 
to  4  feet  apart.  On  nai-row  streets  this  has  the  effect  of 
driving  the  veliicle  traffic  to  the  sides  of  the  street,  as  the 
centre  .'annot  he  used  on  account  of  the  poles;  on  many 
streets  there  is  barely  room  for  a  wagon  to  pass  between 
the  ear  and  the  curhstone.  If  street  railway  trafHc  goes  on 
increasing  in  Minneapolis  as  it  has  <l,.nc  in  the  past  year, 
it  will  be  in  a  short  time  dangerous  or  (juite  impossible  to 
use  ordinary  vehicles  on  some  of  the  streets.  In  IJoston, 
where  tlie  wiring  is  done  from  the  sides  of  the  stn^et,  even 
in  the  case  of  long  spans,  the  overliead  system  appears 
inuch  less  objectionable. 

There  is  no  good  reason  why  telegraph  and  telephone 
poles,  wherejn  suitable  positions,  should  not  be  used  to 
support  the  cross-wires  of  the  overhead  system.  They  are 
so  used  in  Ottawa,  where  it  has  been  found  that  very  flw 
extra  poles  are  necessary. 

In  eases  where  the  streets  arc  not  very  far  apart,  the 
"  loop "  system  of  tracks  has  many  advantages.  Single 
tracks  only  are  necessary  ;  the  cars  running  down  one 
street  and  up  a  parallel  street.  The  loops  are  interwoven 
like  those  of  a  chain— the  cars  running  in  one  direction  on 
one  link,  and  in  the  opposite  direction  on  the  other— thus 
giving  street  car  connection  in  both  directions  to  within  at 
he  most  one  block  of  every  sticet.     This  system  is  used  to. 
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BtJuuQUE  Street  Eailway. 

The  Dubuque  Street  Riilway  ()o.,  of  wliioh  Mr.  J.  A. 
Rhomberg  in  president,  pljiced  a  trial  ear  of  the  Electro 
Bynumic  Co.,  (known  us  the  "  Edco,"  from  the  initial 
letters  of  itH  name),  on  their  line  in  August,  1890.  Mr. 
Rhomberg  was  so  satisfied  with  the  working  of  the  trial 
car  that  he  has  concluded  an  arrangement  with  the  Edco 
Co.  to  equip  his  line  with  storage  battery  cars.  At  the 
date  of  my  visit  to  Dubuque,  25th  May,  1891,  four  of  the 
new  (vars  wore  in  operation,  and  others  were  being  got 
ready.  It  is  expected  that  15  cars  will  be  in  operation 
this  fall.  Moth  the  railway  company  and  the  public 
appear  to  l>e  satisfted  with  the  operation  of  the  storage 
battery  system. 

The  heaviest  grade  on  (he  line  is  about  four  (4)  per 
cent.  The  loadeci  cars  experience  no  diiHculty  in  sur- 
mounting it. 

The  cars  run  smoothly  and  make  no  more  noise  than 
an  ordinary  vehicle  on  a  paved  street.  The  freedom  from 
noise  is,  of  course,  due  to  the  form  of  motor  used. 

The  Dubuque  Installation  may  be  considered  one  of  the 
most  perfect  storage  street  railway  systems  now  in  use,  an 
extended  description  of  the  details  of  the  system  may, 
therefore,  be  of  interest. 

The  cars  are  It  feet  in  length,  and  seat  comfortably 
22  people.  They  are  fitted  with  two  15  H.  P.  motors 
each. 

The  storage  battery  equipment  for  each  car  consists  of 
two  sets  of  80  cells,  one  of  which  is  being  charged  while 
the  other  is  in  use  on  the  car.  Each  set  of  batteries  is 
carried  in  two  iron  boxes  or  trays,  containing  40  cells  each, 
which  are  placed  under  the  car  seats.  The  batteries  which 
are  being  charged  are  placed  on  a  platform,  level  with  the 
car  floor.  A  travelling  truck  is  used  in  transferring  the 
battery  trays  between  the  platform  and  the  cars.  "  The 
battery  trays  arc  provided  with  lacks  which  are  worked 
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truck.  ^  ''''''^"   "^  PO«^t'o»  on    the 

P     ty ,  Ji.  M.  F.  250  volts,  intended  to  run  six  cars, 
storage   battery:    2  sets   of  80   cells   o^nh 
wo,>ht  of  cells  each,  40  lbs.,  cells  said    1  b       '   ^""  "''''' 
of  180  ampere  hours  °  ^^^^  ^  ^^P^^^^^^ 

earstuX.nr'^"^^'^  ^"^^  ^^^^^^  ^^-^^'  "'  ^^^'^  tin. 
Record  of  running  four  cars  on  2-,...  May   1891  • 
Average  E.  M.  F.  of  batteries  coming  inf  160  volts 
Average  E.  M.  F.  of  batteries  going  out  175  vots 

eeiMrLr  "''^" "  ^^--  ojhba'tteryr;::,Hey . 

As  a  rule  E.  M.  F.  is  not  allowed  to  go  below  160  volf« 

per  cent.  ofLlta^^^^J^^  ''^}  ^^o"t  50 
as  a  margin  of  safety.  ^      ^  '  ^^""'"^  ^^^  '^'^'^^^ 

The  rails  used  for  the  line  are  about  52  lb.  girder  rails. 

Washinoton. 

Street  Hallway  Co.  Washnigton 

A  contract  has  been  made  with  thn*  Pi^  *     T^ 
Co.  to  supply  Hix  more  .n.«  IJ  .    *^  ^'^f  ^^^'"^""^ 
factured  by  the  J  G  JJrilTr.vn         "  ""^  ^'"^^''^  "^anu- 
J         J.  U.  iir.ll  Car  Company,  Philadelphia. 
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It  is  stated  that  there  is  a  guarantee  for  three  years 
tliat  the  operation  of  these  cars  will  not  exceed,  in  cost, 
that  of  the  overhead  system  in  the  same  place. 

A  failure  of  tlie  batteries  took  place  once,  about  five 
weeks  after  the  first  cars  were  placed  on  the  line.  The 
Edco  Co.  claim  that  the  failure  was  due  to  accident  or 
nnproper  usage.  Xo  trouble  has  been  experienced  since, 
though  the  arrangements  for  charging  and  changing  the 
'batteries  are  imperfect. 

The  charging  is  done  from  the  wires  of  the  overhead 
system,  using  a  resistance  to  get  the  required  E.  M.  F. 
The  batteries  are  changed  at  the  sides  of  the  car.  The  new 
equipment  is  to  be  simitar,  with  the  exception  of  the  size 
of  the  cars,  to  that  described  for  I)ubu(|ue. 

Mr.  C.  O.  Mailloux,  consulting  engineer  of  82  Liberty 
St.,  Xew  York,  states  that  ia  plant  to  cost  $500,000  has 
been  ai'ranged  for  and  is  now  being  installed  by  him  for 
another  Washington  company. 

In  Washington  both  the  overhead  and  storage  systems 
are  used  by  the  same  Co.,  the  storage  being  used^on  certain 
streets  where  overliead  wires  liave  been  prohibited. 

PlIILADELPJIIA. 

The  Street  railways  in  this  city  are  operated  by  cable  or 
ammal  power.  Up  to  the  present  time  the  city  authorities 
have  refused  to  permit  the  erection  of  the  overhead  system. 

New  York. 

The  Julian  storage  battery  cars  which  wore  run  for 
some  time  on  Fourth  Avenue,  New  York,  were  taken  ofl' 
on  account  of  a  lawsuit  and  injunction  obtained  by  the 
Electro-Dynamic  Co.  for  an  alleged  infringement  of  the 
Faure  patents,  lield  by  the  latter  company,  on  storage 
batteries.  It  was  learned  that  the  cars  referred  to  were 
exhil)ition  cars,  used  for  the  purpose  of  advertising  the 
system,   and   were   run    at   a   great   disadvantage,    being 
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unavoidahio  in  the  locaHty  ^"  "'"'   ""PP^gM 

voraT;::,::  *"'*  ■'■"""  ">».»•■  -^^  «->  -  .^ow 

Boston.  ^ 

En/atrir^^-^, '" ''"r '"'■'»' "f"- ^ 

overhead  sj.,te„      '        '      '"  "'"  "'"  Th„,™„„-U„„,t„„ 

.o™:H:ur:VLf:Xvr '"?.'-■»  >="- 

tjpioal  Htreet  railway  of  thll  T^  •  °^  "'"■"■«»'  '«  « 
.".odcr„i.od  ;  tho  woLorfirii,  ft,,;:'  ';;"-■» '■*■  '-»« 
■"«-en»o  in  traffic  rcsalti,,..  from  1 1  "'     "'  "'■"'" 

fafflc,  and  to  co  ,ti„„e     ,„  "        'T""'""'"  '"'  «'"«»« 
-n'avorabio  weather  a,!  J^    :' r"™''"-  "-",« 

guarantees  that  both  i„  .J,       ""<>",  ^'o'™»,  are  enflidont 

■■»  ™ueh  ,„porior  *:  anlLrS;""'  """"""^  "'-'™>'^ 

-::^■:;l"t,:r:t;;;:rct:^^""-'- 
.he  omeia,»  o'f  tL'z™  ,x::::;t''  -r  "■■'■^'^'  -'^ 

that  no  deaths  had  resulted  ( .         ,  '  "  "'"'  '™''"«I 

that  those  referred  rj  „^  :;,:'";-,f-*'-'^  hut 
«.d  Bueh  like  aecidents  whlh  e  |i  n  °"'"""''  ■■""  "«« 
system  of  rapid  transit.  '  '°  °"""-  "'i"'  ""y 

to    ".::r\^'tr:^';;:«"'-'"'-^ont  of  Street, 

national  Kleetrie  Oo  t'  l.  ..tom"""""'  '■"■'^- 
CIVIC  authoritioH  :  *^  ^^''^  opunou  of  the 
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public.  Its  advantages  over  the  use  of  horses  are,  first, 
greater  speed,  possibly  attended  with  a  slight  increase  in 
the  element  of  danger  to  pedestrians  and  vehicles  ;  second, 
greater  cleanliness,  due  to  the  entire  absence  of  horses  and 
their  droppings. 

From  my  observations  of  its  working  thus  far,  I  think 
it  has  come  to  stay,  and  the  travelling  public  would  not 
consent  to  a  return  of  the  old  system. 
Very  truly  yours, 

(Signed)  J.  Edwin  Jones, 

Superintendent  of  Streets. 

The  following  table  shows  the  number  of  cars  and 
mileage  of  the  West  End  railway  for  the  dates  given  : 


Motor  Cars  including 
Towed  Cars. 

Date. 

No.  of  Motor  Cars. 

Mileage. 

Feb.,    1889. 

t         9 

15,186 

March,    " 

9 

36,088 

April,      " 

8 

36,829 

May, 

9 

39,331 

June,       " 

9 

38,338 

July,       " 

10 

69,238 

August,  " 

13 

74,550 

Sept.,      " 

31 

123,040 

Oct.,        " 

31 

104,328 

Nov.,      " 

38 

139,314 

Dec,       " 

68 

199,551 

Jany.,   1890. 

84 

217,021 

Feb., 

130 

247,679 

March,    " 

130 

254,492 

April,      " 

130 

272,914 

May,       " 

201 

331,733 

June,       " 

255 

351,906 

July,        " 

270 

389,695 

August,  " 

308 

384,749 

Sept.,      " 

312 

418,414 

Oct.,        " 

288 

407,462 

Nov.,       " 

287 

404,028 

At  the 
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282 
282 
282 
300 


402,^04 
386,598 
363,315 


Snow. 

In  reference  to  the  ability  of  electnV  r.„?i 
t"."o  operations  during  heavyiow  ^1  ''''^  '^  ^"'- 

On  the  2nd   M-i-nh    i„„<. 

fail  of  al,o„t  ,8  i„  Q    "e^^^nryr'  "■;"■  """ 
papers  of  that  dato  l,p.,r  °    "  "'"  '"  ^<""o>'-     The  news- 

-««.ewjr.rtTct:s-^^^^^^^^^ 
on  the  .r,„„,„a  po?fo™:r:  -I  :e"  t  "r-"'" 

-are.,  during  the  .,„w  ,to™  of  Mar  h^Th'  "'"™  """' 

Phis  was  hy  far  the  heaviest  fall  „f 
had  since  we  have  ,„ed  eloctridtrl  ,   """''  ""  '"""> 

I  am  told,  the  heaviest  ?„rt"l  7  ™  -""' """'' 
system  was  operated  withou"  a  hile,?  tfT  .  "'°  '''■°''= 
itself.  "  ""oh '  'his  tact  speaks  for 

e.ee;n?':;stt,r:et?:lir''  ^"11  »"«™"' power,  the 

through  L  wo^ti::  sr:fs  r:  zr.™""-'-"^ 

Bai.wa;"c„C;,":;'::^  -P;-  o.-  .he  ^e.;  K„d  street 
March  8rd,  after  20  hoi  V '  """'  "'  "'"  "'"'o*.  on 
tired  for  electrical  t'ro^  o  M^r^  tl"'  "^"  '^ 
<lay,  only  two  cars  were  in  ih.  ^  .        '  ^'"^  '^^«^««t 

at  «i.  o>ci„ck .  and  orMrch'^h',':;':;":? "  "°-^'- 
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Value  of  Street  Railway  Francihses. 

The  following  is  a  synopsis  of  the  conditions  upon 
whu;h  the  City  of  Toronto  received  tenders  for  the 
purchase  and  operation  of  tlieir  street  railway  system  : 

It  will  be  remembered  that  the  city  took  over  the 
system  from  the  company  wlio  had  been  operating  it, 
payiug  the  company  an  amount  fixed  by  arbitration,  viz  • 
$1,453,788. 

The  party  whose  tender  is  accepted  must  take  over 
all  the  property  acquired  by  the  city  from  the  Toronto  St. 
Ry.  Co.,  at  the  amount  of  the  award  of  the  arbitrators. 

The  purchaser  shall  not  charge  the  undertaking  with 
bonds  or  debentures  for  a  longer  period  tlian  the  term  of 
the  contract. 

At  the  termination  of  the  contract  the  city  may  take 
over  the  real  and  personal  property  necessary  to  be  used 
in  working  the  said  railways,  price  to  be  fixed  by  arbitra- 
tion. 

The  city  will  construct,  reconstruct  and  maintain  in 
repair,  the  street  railway  portion  of  the  roadways,  viz.  • 
For  double  track,  16  ft.  6  in.,  and  for  single  track,  8  ft. 
3  in.,  on  all  streets  travei'sed  by  the  railway  system,  but 
not  the  tracks  and  substructure  required  for  the  said 
railway. 

The  purchaser  shall  pay  the  city  the  sum  of  1800  per 
annum,  per  mile  of  single  track  (not  bicluding  turnouts) 
and  shall  also  pay  the  city  per  montli,  on  the  first  Monday 
of  each  month,.... per  cent,  of  the  gross  receipts  from 
passenger  fares,  freight,  etc.,  and  other  sources  of  revenue 
obtained  by  operating  the  said  railway. 

The  purchaser  shall  maintain  all  tracks  to  the  satisfac- 
tion of  the  city  engineer,  and  shall  renew  or  replace  the 
same  as  circumstances  may  re(|uire  and  as  the  city 
engineer  may  direct.  In  case  of  repavement  of  a  street, 
tracks  are  to  be  removed  and  relaid  in  accordance  with 
best  modern  practice. 
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i"  <0,>j„„c.M.,„  tl,Lw  ,1,  ^,'         ,    »'<"•"»"«"'  l»ve„,c.„t 
heroin  defined.  '     '""   "'»  "■■•«='^-  """wance,  a, 

for"/;'^'""'  -  '"  ™'-a.i,„  ™adW.a.o„„„ 

.Wnt:tra:",::^3^-  -  o,.,,,.,,  a...  ,a, 
"orvicc  i„  „„„,,  ,t„^,t,  ^  ™' "  '''"  "■»<■*  an.I  «tr„et  oar 
"-.dod  1,,.  tho  city  oli  ,7.'"  ''•°">  '™°  '"  »«"■  rcoom. 

':-i,i„n,  a»  i^'r,™  rrte"' '":»"'"'"■ 

I"  ouse  ,,„rcl,a8or  f-Lil.  ,  '"oS""*  provision,,, 

the  priviloge  ..H  ^    ' d  „.  :  I" ?  7"'  ■'""  '"'»"  "«  "'"-• 

I'roviaions  onal.lint'  oit\-  t.,  (.,]. 
for  city  pnr,.o8os.  '  "  "P  "'"'  ™1'1»"«  f^k 

PriviloRo  J,oroI,y  R,anto,l,  sul.joct  to  ,11  „  •  .• 

Rovi.i„n,  „,  to  rornova,  Lf    ,  ^^   ^.i"   ";f' "«  "«'■'»• 
wlion  It  oxcoods  e  inolMs  in  ,1,.,>,1  ,  *'■""'  '""*". 

Klootric  or  othor  "V    Si  'Ir'  T  ""''°"  °''"-^- 

the  counoii,  .hdi  b/i„  r  .Ci^Sr"  """  "°'"'™"'  '■>■ 
o„,-„:r""'"  -^  '°    *-»*™  -  ^  .a«S.ry  to  oity 

.0  .t.:;!::^;;:';::;.  ';:«'x"-  -  -><  -» t„a„ 

wa..tn,,      iiC:--^^^^^^^^^^^^ 

have":S  :'"""  '""'^^  *°  --«>  offers  whiC, 
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Schedule  "A"  gives  the  gross  aniouiits  which  tlie  city 
would  receive  under  the  several  tenders. 

Schedule  "M"  gives  the  net  amount  which  the  city 
would  receive  after  providing  for  the  maintenance  of  the 
pavement. 

Though  it  is  understood  that  tliero  are  some  places  in 
the  IFnited  States  wlu-re  the  street  railways  are  required 
to  pay  to  the  city  annually  a  siruill  percentage  of  their 
gross  earnings,  this  is  not  the  case  in  any  of  the  places 
visited  by  the  undersigned,  nor  has  he,  at  this  date,  been 
able  to  obtain  any  definite  information  in  reference  to  such 
payments. 

There  can  be  no  doubt  that  Htrc(-t  railway  systems  in 
the  large  towns,  when  properly  managed,  'are  paying 
enterprises. 

The  opinion  is  now  held"  very  generally  that  enterprises 
such  as  street  railways,  water  works,  public  lighting,  etc., 
which,  from  their  nature,  are  monopolies,  and  in  which 
there  cannot  be  general  public  competition,  should  be 
managed  by  the  municipal  authorities  for  the  benefit  of 
the  general  public.  The  public  may  receive  the  benefit 
either  from  reduced  rates  or  by  applying  profits  to  the 
reduction  of  the  general  taxation. 

When  the  public  take  the  whole  risk  of  such  an  enter- 
prise and  supply  the  capital  to  work  it,  it  is  right  that 
they  should  receive  the  full  benefit  to  be  derived  from  it. 
On  the  other  hand,  if  it  is  decided  that  it  "is  not  advisable 
to  enter  into  such  undertakings  as  j.ublic  enterprises,  but 
rather  to  allow  them  to  be  taken  up  by  private  companies, 
then,  in  dealing  with  such  companies,  the  fact  that  they 
assume  all  risk  and  supply  the  necessary  capital  should 
secure  for  them  liberal  treatment  at  the  hands  of  the 
municipal  corporations. 

The  Toronto  franchise  is,  no  doubt,  one  of  the  most 
valuable  in  Canada,  and  the  competition  of  companies  who 
propose  to  take  it  over,  on  the  terms  fixed  by  the  city,  has 
been  very  keen  ;  notwithstanding  the,  great  value  of  the 
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conHiclerationofvvhichthe  corn  "  '"'^''^   "'"'■'^' '" 

the  strootH  u„.l  l.riC         ^-l-'"'^^"-  agrees  to  n.untaiu 

The    urntMgc.niont    in    Winnipeg,    nn<ler    wln.l.    .1 
company  pays  the  cost  of  pavin.     n.l  .  '' 

niailo  extra  hy  reaHon  of  such  track." 
liATTERY  Systems. 

(1)  Cost— 

%  refciiiiii;  to  tl.c  c«tiiimtc»,  pa„e  "1   it  will  l 
tl-t  the  cost  of  the  .y..o„.U,a»  V  e  fpfaeU  J  I  :  "i';" 

fl.>8tem  18  the  same  as  that  for  the  overhe-nl   thnnM    / 

several    reasons,  it  is    prob-iblo   t)L7  '        ^  '   ""' 

r.      ,  I'Jonaoie   that   less   power  will   ha 

necessary  for  the  storage  system.  ''^ 

(2)  Mainte7\ancc — 

Maintenance  of  tlie  stnm.rr.  K..++    •       i 
..<-  <n  siorage  batteries  lias  been  i.lqpn^ 

40  per  cent,  per  „„„„„,  m,  ,„i„^  ,,^  ,,„Z^T^, 
«>11  be  guaranteed  by  two  e„,npa„ie;,  though  two  othi 
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•    rnpanie.  wi)l  guurantoo  tho  maintenance  not  to  «xceed 
>  or  16  per  cent 

Th».'  ImjIhh  and  wires  .u.upy  tl,e  san.o  relative  noHiticn 
m  the  overhead  synten,  m  H.e  batterieH  i.i  the  Ht.^ra-.e 
Byeteiu  When  an  overiu-ud  .y.tem  h  once  HuhHtantialh 
erected,  tlu  'ost  ofn.aintonan.  o  nhpiild  not  exceed  10  pe'r 
cent  per  annum,  and  for  the  first  few  years  nhould  bo 
much  IcHs  than  that. 

(3)   Operation — 

Taking  tho  average  electrical  horse  jiower  at  10  IF  P 
per  car,  and  the  maximum  at  20  If.  1'.  per  cur,  on  a  15 
car  road  the  total  average  ^z  150  II.  P.,  and  the  total  max- 
imum 300  ir.  p. 

%  observations  taken  for  tho  purpose,  it  has  been 
lound  that  the  stopping,  st^irtir.g  a..d  changing  speed  of 
the  cars  makes  tho  engine  load  vary  rapidly  between  the 
innnmum  and  maximum  required. 

Where  the  cars  are  connected  directly  with  the  central 
power,  as  in  the  overhead  system,  \n  the  case  stated  above 
the  engmo  load  nu.y  vary  in  u  f,w  moments  time  from  50 
to  100  ir.  1 .,  m  addition  to  the  strain  upon  the  machir.ery 
and  the  consequent  increased  cost  for  maintenance  this 
condition  requires  that  the  engines  be  capable  of  takiuL^ 
up  their  maximum  load  at  a  moments  notice,  and  this 
means  that  the  steam  pressure  must  be  kept  at  or  near  the 
maximum,  or  in  other  words,  the  coal  consumption  must 
be  always  at  its  maximum. 

On  the  other  hand,  the  starage  cars  are  independent 
units,  each  carrying  its  quantity  of  power  for  a  fixed  time 
and  using  ,t  at  tho  minimum  or  maximum  rate  as  occasion 
requires. 

The  engines  at  the  central  station  are,  therofbre,  nm  nt 
a  constant  rate,  which  rnt(.  is  the  average  a-d  -h-  f-s,e 
maximum  necessary  to  move  the  cars  on  the  hn.-  P\a^,,e 
the  electrical  efficiency  of  the  storage  battery  at  80  per 
cent,  and  of  tlie  overhead  wire  at  90  per  cent,  the  follow- 
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iiig  Hfutcinont  ^^  ill  show  tho  .lifl'  .^ 

at  tho  central  Ht.tion  "''  ""  ^"^^''  '•^l'"'-^'^ 

Avera^jro  electrical  H.  I».  ro,,ui,.^,,j  ,,f      '^"'"**^*''       "v^^'ea*!. 
car  jiiotorH 

Maxin.un.     in    Htorago"  J.nitJry  Vtn.l         '^^  ^^^ 

ovorhcud  wiic. 
L088  in   batteries  an'.l  overhea.l  wi res         '  ^^  ^^^ 

when    engines    arc   working   at 

nufviidum  . 

Total  E.  11.  Rreci^n^Jd;; ,f!f  33 

In   this   Htateniout  all   the  cars  nn  i    *i, 
giving  the  same  constanf  ..fK  ""^^  "^'*^'««  "r« 

always  done,  To  EI  f """''  '"  ^""^'*'^«  *'-  >"«  "ot 
"ot  much,  t  Iny  Iveth  ""'^  '""'^"'  ^"'^«  '-"^ 
move  the  ^ars.  ^'  ^^"''"^^  P«^^'«r  ''^luired  to 

Placing  the  maxinmm  E  H  P  of  ir  •    ^     , 
H.  I-.  per  car  for  the  ov„rl,o«l  1  „;  "        '"     "''  °*^^"  ^ 
to   nm    17  hours  ner  ,C  "  ■*?         r''°PP°'''"« '''»  ««" 

for  instonco  ,vhe„  „  numbe    o    thf  ""^^  "^■"'™'' 

^av^a,,,  other  he.,  .or^":  ;„'  Z^.^IT'"'-  " 

.he  tr„  :r:'  ;xr :  r  -'t "  "■"™°'  ---^ 

the  ..„e,  »a,  12^000  eaeh         "  °™""-'°''  "'^'•'»  '"  "l-™' 
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I»  tlie  case  of  tlie  storage  battery,  the  extra  weight 
carried  by  the  cars,  from  1|  to  2  tons  each,  should  also  bo 
taken  into  consideration. 

A  road,  not  too  long,  with  a  very  heavy  traffic  affords 
tlie  best  opportunity  for  e(;-onomic\llly  working  the  over- 
head system  ;  and  a  straggling  road,  with  a  comparatively 
liglit  traffic,  affords  the  most  favorable  conditions  for  the 
storage  system. 

Winnipeg,  at  present,  more  nearly  approaches  the  latter 
condition.  

From  the  point  of  view  of  tlie  street  i-ailway  companies 
there  does  not  appear  to  be  much  to  choose  between  the 
two  systems,  the  difference  at  present  being  in  tavorof  the 
overhead  system. 

•  From  the  standpoint  of  the  public,  the  storage  system 
is  to  be  preferred  on  account  of  poles  and  wires  not  being 
required  in  the  street. 

While  it  is  not  expected  that  any  great  inconvenience 
would  be  experienced  from  properly  erected  poles  and 
wires,  their  absence  is  undoubtedly  sufficient  to  turn  the 
scale  in  favor  of  the  storage  system. 

It  should  be  remembered  that  the  overhead  system  has 
probably  reached  its  maximum  efficiency  while  the  storage 
system,  though  so  nearly  approaching  the  overhead  system, 
has  not  by  any  means  done  so. 

It.  N.  RUTTAN, 

City  Engineer. 
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Comparative  Cost  of  Construction,  Electric  Overhead 
AND  Storage  Systems  for  Ten  Miles  Track  and 
Fifteen  Cars. 

Overliead.  Storage 
16  Cars  complete  witli  Motors  and 

Batteries       $75,000  $99,000 

Power  Plant 10,000  10,000 

Electric  Plant 8,000  8,000 

Overhead  System 25,000 

Shifting  Apparatus 2  000 

Buildings,  Land,  etc 12,000  12,000 

10  miles  Track 70,000  70,000 

$200,000  $201,000 


Boston 
Compai 
Constri 
Dubuqi 
Franchi 


Julian  S 
Kind  of 
New  Yo 
Operatic 
Overhea< 


Wekjht   per  IIorse-Power-IIour  of  Various  Secondary 
Batteries,  by  Mr.  D.  Fitz-Gerald. 

Name  of  Battery.  lbs.  Authority. 

Planto 396  Reynier. 

Faure    | 8?  f.^^^-f-  ^, 

I 165  Sir  W.  Thompson. 

Faure,   Old  Model 198  1  ,, 

"       New  Model 134  |  ^^eynier. 

133  Prospectus. 

E.  P.  S.  L.  Plates 110  Reckengaun. 

"       S.       "     135  Fitz-Gerald. 

^y"'^'    {ri'tr •^'■*  K- Taurine, 

Litlianode  Battery,  Old  Form.  .      34.5  Fitz-Gerald. 

'Union' Cell     31.5  G.  Forbes. 


Snow  on 
Storage  ^ 
Track . . . 
Toronto  ^ 
Washingt 
West  End 

Weight  Si 
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